Cylindrocarpon destructans isolated from ginseng field was found to produce pectinolytic enzymes. A Taguchi's orthogonal array experimental design was applied to optimize the preliminary production of polygalacturonase (PG) and pectin lyase (PL) using submerged culture condition. This method was applied to evaluate the significant parameters for the production of enzymes. The process variables were pH, pectin concentration, incubation time and temperature. Optimization of process parameters resulted in high levels of enzyme (PG and PL) production after ten days of incubation at a pH of 5.0 at 25°C in the presence of 1.5% pectin. Among different nitrogen sources, urea and peptone showed high production of PG and PL, respectively. The enzyme production and mycelial growth seems to have direct influence on the culture conditions; therefore, at stationary state high enzyme production and mycelial growth were obtained than agitation state. Along with this, optimization of enzyme activity was also determined using various physiological parameters like, temperature, incubation time and pH. Taguchi's data was also analyzed using one step ANOVA statistical method.
INTRODUCTION
In plant cells, pectin is a family of complex polysaccharides that contain -1, 4-linked D-galacturonic acid.
Pectic substances constitute the main components of the middle lamella that is, the intercellular cement between plant cells where it helps to bind cells together. It also makes up a large portion of a primary cell wall, in which they form an amorphous gel, filling the spaces between the cellulose microfibrils. And also play a major role in cell wall extension and fruit softening (11) frequently used to describe this disease (19) . Previous research has shown that the fungus Cylindrocarpon destructans (teleomorph Nectria radicicola) is a major root rot pathogen of ginseng (18, 20, 21) .
Ginseng is an important cash crop in various regions of China, Korea, North America and other parts of countries. The ginseng roots are taken orally as adaptogens, aphrodisiacs, nourishing stimulants, and in the treatment of type II diabetes.
In recent study, the ginseng proved to have anti-inflammatory effect, as well as it reduces fatigue in cancer patients (13) .
Hence, serious root rot disease in ginseng caused by C. destructans can result in yield losses of up to 25-30% (7, 23) .
In this study, the production of pectinolytic enzymes was optimized to determine the severity of pathogenesis. For optimization, various parameters are chosen which will have direct influence on the enzyme production therefore; temperature, pH, incubation period, and substrate concentrations were applied using Taguchi's method of orthogonal array (25). In this array, the columns are mutually orthogonal. That is, for any pair of columns, all combinations of factor levels occur; and they take place an equal number of times.
The preliminary study using Taguchi's method served for the determination of initial levels of the production since no literature information was available on the production from the fungus C. destructans and different nitrogen source, sodium chloride concentrations were studied along with this comparative analysis of enzyme production by stationary condition versus agitation condition was also determined.
After uttering PG and PL production, their activities were optimized using various physiological factors, which will escort a complete lesson of the particular enzyme from C.
destructans.

MATERIALS AND METHOD
Source of organism and inoculants' preparation
The fungus used for this study C. destructans (KACC 41077) was purchased from KACC (Korean Agriculture of Culture Collection, South Korea) which was isolated from the soil of the ginseng field. The propagation of the culture was maintained on the PDA (Difco) plates. The fungal strain cultured on PDA plates for seven days at 25ºC was then washed with sterile water to extricate spores. The resulting spore suspension was used as inoculants for the experiments.
Taguchi's orthogonal array
Taguchi's method has been used to generate enough process information to establish the screening and optimal conditions of parameters for particular process using a minimum number of experiments. The properties of an orthogonal array are such that, between each pair of columns each combination of levels (of variables) appear an equal number of times. Due to orthogonality of the layout, the effects of the other factors will be balanced and give a relative value representing the effects of a level compared with the other Pectin lyase and polygalacturonase activity from Cylindrocarpon levels of a given factor. The symbolic designation of these arrays indicates the main information on the size of the experimentation, L16, has 16 trails. The total degree of freedom available in an orthogonal array is equal to the number of trails minus one. In this study four columns are designed with different factors as shown in Table 1 . Each of these factors assigned with four levels, therefore, 1, 2, 3 and 4 levels respectively. Table 2 shows the experimental condition designed using L16 orthogonal array system. All the parameters were conducted using Czapek Dox mineral medium 
Analysis of Taguchi's experiment
Once the experimental design has been determined and the 
After calculating the SN ratio for each experiment, the average SN value is calculated for each factors and level.
Once these SN ratio values are calculated for each factor and the range R (R = high SN -low SN) of the SN for each parameter is calculated and entered. The larger the R values for a parameter, the larger the effect of the variable as on the process. This is because the same change in signal causes a larger effect on the output variable being measured.
The effect of this factor is then calculated (2) by determining the range:
Apparently deposition rate has the largest effect on the processor yields and that temperature has the smallest effect on the processor yield. Pectin lyase and polygalacturonase activity from Cylindrocarpon Optimization of enzyme production using nitrogen source /
NaCl concentration / Agitation and stationary culture condition
The enzyme productions were further optimized using new parameters designed by captivating the best trail parameter from the Taguchi's method. The effect of nitrogen sources and sodium chloride concentrations were checked to determine the best nitrogen source and influence of sodium chloride in the production of enzyme. The fungus was grown on the different nitrogen sources such as, urea, yeast extract, beef extract, peptone, KNO 3 and NaNO 3 at the concentration of 0.5% level. The consequence of sodium chloride on enzyme production by C. destructans was carried out by incorporating NaCl at a range of 0-2.5% into the culture medium. Besides with the enzyme production, mycelial dry weight was also determined. The culture broth was filtered through the pre-weight Whatman No.1 filter paper, followed by drying to constant weight at 40ºC for about 24 h. The final biomass was expressed as dry cell weight (g/ml). Growth rate (biomass) of fungus was also estimated between the agitated culture (180 rpm at 25ºC) and the stationary culture (incubated at 25ºC) using the standard mycelia dry-weight method, in addition to, enzyme activity was also checked.
Optimization of enzyme activity
The polygalacturonase and pectin lyase activities were carried out using different parameters as follow:
Incubation time: The effect of time on enzyme activity was determined by incubating the reaction mixture up to the appropriate times, i.e., 10-120 min.
pH: The impact of pH on enzyme activity was studied by adjusting the pH to acquire desired ranges from 3.5-8.5 using 1 N NaOH and 1N acetic acid.
Temperature:
The enzyme reaction was carried out in different temperatures at 25, 30, 37, 40, and 70ºC, the maximum activity was checked.
Protein determination
Protein content of the culture filtrates were determined by Bradford's method using BioRad reagent and bovine serum albumin (BSA) as standard (6) .
Enzyme assay
Polygalacturonase activity was checked by quantifying end groups released during the reaction and it was assayed using the procedure of Panda et al. (15) . 
RESULT
Taguchi's experiment result analysis
Cylindrocarpon destructans are phytopathogenic fungus causing rot diseases in plants especially rusty rot in ginseng, which leads to yield loss. Submerged fermentation experiments Pectin lyase and polygalacturonase activity from Cylindrocarpon study with the designed experimental condition showed significant variation in the polygalacturonase activity and pectin lyase activity from C. destructans (Fig. 1) . Production levels were found to be highly dependent on the culture
conditions. An L16 orthogonal experimental design was used to investigate four different culture components such as, pH, incubation time, amount of pectin as carbon source/inducer and temperature. The experiments were conducted using four levels for each factor. Statistical analysis of the collected data pointed out that the optimal levels of the different factors for polygalacturonase and pectin lyase productions were pH 5, 10 days of incubation and 1.5% pectin and incubation temperature at 25°C (Trial 8). The average effect of the factors at the assigned levels on the polygalacturonase production by C.
destructans was shown in Culture pH and pectin concentration is one of the important parameter in fungal cultivation.
The signal -noise ratio were determined to obtain R-value for ranking the factors based on their contribution on the enzyme production. Fig. 2 shows the R-value of each factor that contributes in the enzymes production. In order to conduct an analysis of the relative importance of each factor more systematically, an analysis of variance (ANOVA) was applied to the data. The main objective of ANOVA is to extract from the results how much variations each factor causes relative to the total variation observed in the result. From the results of ANOVA in Table 3a , the pH and pectin concentration factors had the largest variance for PG and PL, respectively. The variance within the factors and between the factors was analyzed (Table. 3b ).
Trail No. 
Effect of nitrogen source / NaCl concentration / Agitation and stationary culture condition
Among the various nitrogen source used, urea and peptone gave maximum polygalacturonase activity (12.0 U ml -1 ) and pectin lyase activity (11.7 U ml -1 ), from the results, nitrogen source also constitute a profound effect on pectinolytic activity on culture filtrate. Whereas, the biomass weighed high on yeast extract with 3.86 g dry weight, hence this result confirmed that the yeast extract was only used in the growth, not on the enzyme production (Fig. 3) . Sodium chloride was not found to exert a significant role on enzyme production. Even in its absence, considerable activities were found. Fig. 4 shows the NaCl effect, in which 0.5% showed maximum biomass of 3.3 g (dry weight) as well as paramount PG (13.5 U ml -1 ) and PL (12.5 U ml -1 ) activities. Thereafter, increase in the salt concentration resulted in drastic reduction in enzyme production. The effect of stationary culture influenced the production of both PG (12.0 U ml -1 ) and PL (11.5 U ml -1 ), thus the biomass weighed 3.31 g (dry weight), and this shows the stationary culture influence the production of pectinolytic enzymes than agitation. Agitation had an inhibitory effect on pectic enzyme production as shown in Table 4 . This could be Pectin lyase activity (U ml -1 ) 6.00 11.50
Optimum incubation time, pH and temperature for pectinolytic activity
The 0.1 U of PG and PL were used to check optimum activity. The incubation time is one of main factor that interprets the enzyme activity; we observed both PG and PL activities elevated at the incubation time of 60 min and decreased gradually ( Taguchi' s approach to guideline design provides the systematic and efficient method for determining near optimum design parameters for performance and cost (12, 16, 25) .
Taguchi experimental design involves a study of given system by a set of independent variables (factors) over a specific region of interest (levels) by identifying the influence of individual factors, establishing the relationship among variables and also the performance at the optimum levels. By studying the main effects of each of the factors, the general trends of the influence of the factors towards the process can be predicted and controlled such that a lower or a higher value in a particular influencing factor produces the preferred result.
Thus, the levels of factors, to produce the best results can be 
